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1.0 INTRODUCTION 

This r e p o r t  concerns i tself  with t h e  quest ion o f  t h e  f e a s i b i l i t y  of  

p red ic t ing  t h e  mechanical and geometric p r o p e r t i e s  of  a bal loon i n  o r b i t a l  

condi t ions  from a se l ec t ed  number o f  experimental  observat ions and analy- 

t i c a l  i nves t iga t ions .  Obviously, no at tempt  is  being made t o  perform any 

o f  t h e s e  s t u d i e s  he re ;  r a t h e r ,  comments are d i r ec t ed  exc lus ive ly  toward 

t h e  p o s s i b i l i t y  of a meaningful ana lys i s  and a t echn ica l ly  r e l i a b l e  experi-  

mental procedure. 

It is fel t ,  from t h e  ou t se t ,  t h a t  chances of a successfu l  t e s t  pro- 

gram on a fu l l - sca l e  model t o  determine t h e  zero-gravity conf igura t ion  

are very s l i m .  

an undertaking appear t o  be p roh ib i t i ve .  

environment without  g rav i ty  is  obviously ou t  o f  t h e  question. 

suggested t h a t  perhaps a c e r t a i n  small amount o f  r e s i d u a l  pressure  may 

"counteract" t h e  effect  of t h e  g r a v i t a t i o n a l  forces .  

un l ike ly  inasmuch as g r a v i t a t i o n a l  fo rces  are, by nature ,  p a r a l l e l ,  where- 

as the fo rces  assoc ia ted  with i n t e r n a l  pressure  are d i r ec t ed  r a d i a l l y  out- 

ward. 

could n o t  be approximated i n  t h e  presence of grav i ty .  Depending on t h e  

type  o f  suspension system se lec ted ,  t h e  bal loon would experience e i t h e r  

a f l a t t e n i n g  ou t  o r  a s t r e t c h i n g  i n t o  an oblong shape. 

view of  t h e  extreme de l icacy  o f  the  skin,  severe  deformations may be  ex- 

pected a t  t h e  p o i n t s  o f  support .  - 

The t echn ica l  and economic d i f f i c u l t i e s  inherent  i n  such 

An exac t  dup l i ca t ion  o f  an 

It has  been 

This appears most 

Consequently, t h e  probable  shape of t h e  ba l loon  i n  o r b i t a l  f l i g h t  0 

Moreover, i n  

A fu l l - s ca l e  model experiment program may be  more successfu l  i n  

y i e l d i n g  i n s i g h t  i n t o  t h e  l o c a l  behavior near  seams and o the r  s e l ec t ed  

areas. This information, however, does n o t  r e q u i r e  t h e  cons t ruc t ion  o f  

' a full model. Local imperfections i n  t h e  des i red  s p h e r i c a l  shape can, it 

is fe l t ,  be  observed with comparable degree of c e r t a i n t y  from experiments 

conducted on cut-outs o f  t h e  type being performed by t h e  Conductron 
Corporation. This is  discussed in  more d e t a i l  below. 

w .  .- 
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Fina l ly  it is f e l t  t h a t  a reasonably meaningful and r e l i a b l e  pre- 

d i c t i o n  o f  t h e  mechanical behavior of  t h e  bal loon can be obtained by 

computational means and through the  use o f  a s e l e c t i v e  experimental  

program. 

properly 

would be 

gram, b u t  would a l s o  be more r e l i a b l e  and y i e l d  more general ized da ta  
on which p r e d i c t i o n s  could be  based. I t  is f e l t ,  moreover, t h a t  t h e  

a n a l y t i c a l  d i f f i c u l t i e s  i n  carrying out  t hese  computations should n o t  

be p roh ib i t i ve .  

It is bel ieved t h a t  t h e  r e s u l t s  o f  such an ana lys i s ,  i f  done 

and if supported pe r iod ica l ly  by experimental  observat ions,  

no t  only v a s t l y  more economical than a fu l l - sca l e  model pro- 

2. R E L I A B I L I T Y  OF A SEGMENTAL EXPERIMENTAL STUDY 

The quest ion a r i s e s  t o  what ex ten t  t h e  experimental  r e s u l t s  on a 

r ep resen ta t ive  bal loon segment can be ex t rapola ted  t o  t h e  f u l l  balloon. 

This depends, of  course, on t h e  nature  of t h e  information sought;  f o r  

example, it is  obvious t h a t  a t  t he  ring-shaped support  of  t h e  segment 

t h e  boundary condi t ions a r e  such t h a t  s u b s t a n t i a l  d i f fe rences  w i l l  occur.  

The c i r cumfe ren t i a l  s t r e s s e s  vanish ; consequently, it is  reasonable  t o  

suspec t  t h a t  t h e  r a d i a l  stresses a l s o  e x h i b i t  s i g n i f i c a n t  d i screpancies  

from those  expected i n  t h e  f u l l  balloon. 

S imi la r ly ,  t he  ove ra l l  shape o f  t h e  segment may e x h i b i t  some major 
dev ia t ions  from t h a t  of a sphe r i ca l  cap. 

were c u t  ou t  from t h e  f u l l  bal loon i n  i ts  blown up, b u t  unstrained,  coq- 

d i t i o n ,  i t  is easy t o  s ee  t h a t  the  per iphery would not  l i e  i n  a p lane  

(as  it does i n  t h e  experiment). 

shortcoming is  se r ious .  

r e l a t i v e l y  easy reach o f  computation and need not  be a source o f  undue 

concern.  

In f a c t ,  if t h e  same segment 

It is no t  f e l t ,  however, t h a t  t h i s  

The o v e r a l l  shape o f  t h e  f u l l  bal loon is within 

What is  o f  more i n t e r e s t  a r e  t h e  l o c a l  i r r e g u l a r i t i e s  which r e s u l t  

from a number o f  f a c t o r s ;  among these  f a c t o r s  are, above a l l ,  t h e  e f f e c t  

of t h e  s p l i c i n g  of  t h e  gores, and, t o  a lesser ex ten t ,  the r e s i d u a l  f o l d s  
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i n  t h e  mater ia l .  A s  i s  developed in  more d e t a i l  i n  t h e  Appendix, t hese  

i r r e g u l a r i t i e s  resemble t h e  well-known boundary l a y e r  e f f e c t s  connected 

with f l u i d s  of  small v i s c o s i t y  or ,  more c lose ly  r e l a t e d  t o  t h e  bal loon 

problem b u t  less well-known, t h e  boundary l a y e r  phenomena which occur i n  

t h e  s tudy o f  p l a t e s  o f  e i t h e r  very l a r g e  de f l ec t ions  o r  of  'extremely 

small  thickness .  

solved within a very small  domain. 

l a y e r s  t h e  support  r i n g  o f  t h e  segment may be considered t o  be "at  in f in -  

i t y "  and the re fo re  i r r e l e v a n t .  It is the re fo re  expected that  t h e  cu r ren t  

t e s t  program on which t h e  Conductron Corporation is embarked should lead  

t o  s i g n i f i c a n t  observat ions s o  far as l o c a l  i r r e g u l a r i t i e s  a r e  concerned. 

If t h e s e  observed i r r e g u l a r i t i e s  can be brought i n t o  conformity with t h e  

proposed a n a l y t i c a l  program, it is  bel ieved t h a t  r e l i a b l e  p red ic t ions  w i l l  

be  f e a s i b l e  f o r  t h e  complete balloon. 

Such phenomena are  governed l a r g e l y  by equations t o  be 

Within t h e  regions of such boundary 

So far as s t r e s s e s  and s t r a i n s  a r e  concerned, t h e i r  average values  

a r e  p red ic t ab le  by elementary means. 

of  t h e  segmental t es t  program i f  only po in t s  away from t h e  edge and from 

t h e  s p l i c e s  are considered. 

of  no i n t e r e s t  s o  f a r  a s  the  full balloon is  concerned. On t h e  o ther  

hand, measuring t h e  exac t  s t r e s s e s  near  t h e  s p l i c e s  should p re sen t  tre- 

mendous d i f f i c u l t i e s  i n  any t e s t  program. 

sharp  s t r e s s  grad ien ts ,  which would be d i f f i c u l t  t o  observe experimentally 

by s tandard methods. 

t h e  bending a c t i o n  of  t he  skin--i.e. they would r eve r se  t h e i r  s ign  between 

t h e  outer  and inner  l a y e r .  
t h e s e  stress peaks does no t  appear f eas ib l e ,  nor does it appear necessary.  

If t h e  assumption is  c o r r e c t  t h a t  c lose  corroborat ion can be obtained 

They could be confirmed by means 

Near t h e  edge these  s t r e s s e s  are obviously 
0 

There e x i s t ,  a t  t hese  sp l i ces ,  

Moreover, some of t hese  s t r e s s e s  would be due t o  

An experimental q u a n t i t a t i v e  measurement of 

between t h e  ana lys i s  and t e s t s  with r e spec t  t o  o ther  (more e a s i l y  mea- 

s u r a b l e )  data ,  it is bel ieved t h a t  t h e  a c t u a l  s t r e s s e s  a t  the  po in t s  of  

imperfection can be predic ted  f a i r l y  dependably by means o f  a n a l y t i c a l  

methods. 
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0 

‘ 0  

3. 

r i a l  

time 

INFORMATION REGARDING MATERIAL BEHAVIOR 

It is obviously necessary t o  gain a full understanding of  t h e  mate- 

behavior of t h e  sandwich-type skin.  

ava i lab le ,  it is  f e l t  t h a t  the  Fa i rch i ld  S t r a t o s  Corporation (FSC) 
Within t h e  l imi t ed  amount of 

has  done an acceptable  job. Nevertheless, t h e  da t a  which a r e  p re sen t ly  

ava i l ab le  a r e  not  only not  f u l l y  r e l i a b l e ,  a s  pointed out  by FSC i t s e l f ,  

b u t  they a r e  a l s o  h ighly  incomplete. 

It appears t h a t  t h e  ba l loon  is t o  be i n f l a t e d  i n  such a way t h a t  

p l a s t i c  (i. e. permanent) deformations i n  t h e  bal loon take  p lace  

quently,  as t h e  pressure  is being re leased ,  it is necessary t o  under- 

s tand  t h e  mechanical behavior o f  the  sk in  during the  unloading process.  

Such t e s t  da ta  a r e  apparent ly  n o t  ava i l ab le  a t  t h e  present  time, although 

it may be surmised t h a t  t h e  ma te r i a l  w i l l  unload e l a s t i c a l l y .  

i n  view of  t h e  proposed penet ra t ion  of t h e  p l a s t i c  domain, it is  necessary 

t o  ga in  a b e t t e r  i n s i g h t  i n t o  t h e  s t r e s s - s t r a i n  law of  t he  sk in  f o r  d i f -  

f e r e n t  types of  loading h i s t o r i e s .  Also, because some bending does take  

place,  experimental  information should be obtained regarding t h e  response 

o f  t h e  sk in  t o  bending moments. 

stresses a r e  probably not  an issue.  

Conse- 

Moreover, 

It is agreed, however, t h a t  shear ing 

The r e p o r t  of  FSC assumes tha t ,  i n  view of  t h e  v a s t l y  l a r g e r  magni- 

tude  of  t h e  modulus o f  e l a s t i c i t y  of aluminum a s  compared with t h a t  of  

mylar, a l l  t h e  stresses a r e  taken by t h e  aluminum i t s e l f .  This c e r t a i n l y  

r e q u i r e s  experimental  v e r i f i c a t i o n .  F’urthermore, it is  necessary t o  gain 

information r e l a t i v e  t o  t h e  behavior of  t he  sk in  a f t e r  one o r  more of t he  

aluminum fac ings  have f a i l e d .  
above r equ i r e  a p roh ib i t i ve  apparatus;  it should the re fo re  be poss ib l e  t o  

conduct such a program l o c a l l y  without undue add i t iona l  e f f o r t .  

experimental  s t u d i e s  may become necessary a s  t h e  need a r i s e s .  For 

example, i n  order  t o  minimize the i r r e g u l a r i t i e s  a t  t h e  seams, it may be 

d e s i r a b l e  t o  reduce t h e  bending s t i f f n e s s  of  t h e  s p l i c e s  ( r a t h e r  than t o  

inc rease  it a s  t h e  p re sen t  design seems t o  requi re ) .  

None of  t h e  experimental  da ta  described 

Further  

This could be 
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achieved, f o r  example, by omit t ing the  in s ide  aluminum fac ing  and, i n  

order  t o  counterac t  t h i s  omission, by doubling t h e  outs ide  fac ing-  

Other methods a r e  c e r t a i n l y  feas ib le .  

such a s t e p  sbould be supported by experimental evidence. 

In any event, t h e  usefulness  of 

In  addi t ion ,  because t h e  i n f l a t i n g  process  introduces non-elast ic  

s t r a i n s  and hence an unloading h i s t o r y  d i f f e r e n t  from t h e  loading h i s -  

to ry ,  t h e r e  may r e s u l t  no t  only r e s idua l  s t r a i n s ,  b u t  a l s o  r e s i d u a l  

stresses. The average stress i n  the  balloon, a f t e r  t h e  removal o f  t he  

i n t e r n a l  pressure,  w i l l  obviously vanish.  Nevertheless, l o c a l  r e s i d u a l  

s t r e s s e s  may remain, e spec ia l ly  near po in t s  of imperfection o r  discon- 

t i n u i t i e s .  It may therefore  be necessary t o  t e s t  t h e  ma te r i a l  aga ins t  

t h e  p o s s i b i l i t y  of  s t r e s s  relaxation--a phenomenon which, i n  time, may 

b r ing  about a s l i g h t  modif icat ion of t h e  l o c a l  i r r e g u l a r i t i e s ,  i f  not  

of  t h e  o v e r a l l  shape of t h e  balloon. 

4. ANALYSIS 

No claim i s  made t h a t  a meaningful ana lys i s  is necessa r i ly  simple. 

Nevertheless,  with r e a l i s t i c  s impl i f ica t ions ,  it appears l i k e l y  t h a t  

such an ana lys i s  can be undertaken within a reasonable e f f o r t .  

c a l l y ,  t h e  bal loon should be analyzed a s  a sequence o f  c y l i n d r i c a l  

s h e l l s  ( i n  t h e  shape of  t he  gores) sp l iced  toge ther  a t  t h e  seams. 

an ana lys i s ,  In  i ts  pure form, is extremely complicated, e spec ia l ly  i f  

p l a s t i c  deformations are t o  be included. 

0 
Basi- 

Such 

Fortunately,  t h e  th ickness  o f  t h e  sk in  is so  minimal t h a t  it is 
p o s s i b l e  t o  ignore the  bending s t i f f n e s s  of t h e  s h e l l .  

"membrane" theory of s u b s t a n t i a l l y  reduced complexity. 

equat ions of t h i s  theory a r e  given i n  Eqs. 1 t o  9 i n  the  Appendix. 

is  noted that  Eqs.  7 t o  9 contain non-linear terms i n  t h e  s t ra in-d is -  

placement r e l a t i o n s .  Such terms a r e  absolu te ly  e s s e n t i a l  (and may i n  

fact  become dominant) i f  t h e  r a d i a l  displacement w i s  of  t h e  same order  

as, o r  l a r g e r  than, t he  thickness  t of t h e  balloon. It is  noted t h a t  

these non-linear terms have no t  been included i n  t h e  ana lys i s  prepared 

by FSC. 

This l eads  t o  a 

The r e l evan t  
It 
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Conductmn Corporation 

The boundary eondi t ioas  governing a r ep resen ta t ive  gore a r e  given by 

Eqs. 1 0  t o  14. 
t h e  cen te r  of t h e  gore.  E q .  13, a t  the  edge, i s  a l s o  due t o  z y m e t r y ,  

and Eq. 14 r ep resen t s  t h e  fac t  t h a t  the displacement o f  t h e  seam must be 

r a d i a l .  Since, on t h e  o ther  hand, t h e  system of Eqs. 1 t o  9 can be  re- 

duced t o  a s i x t h  order  system iwolviIzg a s t r e s s  f u r e t i c n  and t h e  “_is- 

placement w, it is  necessary t o  e s t a b l i s h  t h r e e  boundary coni!itions f o r  

each boundary. Eqs.  13 and 1 4  are  the re fo re  inadoqcate.  An addi t ic -a1  

equat ion is obtained from the condi t ions of equi1ibriu.n; i . e .  t h e  resul-  
t a n t  f o r c e  i n  t h e  r a d i a l  d i r e c t i o n  mus t  vanish i n  t h e  seam. In t h e  

absence of  any bending s t i f f n e s s  a t  a l l ,  t h i s  implies  t h a t  t h e  ba l locn  

must be smooth (see Eq. 22 f o r  t he  s impl i f ied  case). 

Of these,  Eqs. 1 0  t o  1 2  r ep resen t  symmetry condi t ions  a t  
a 

This condi t ion is apparent ly  what t h e  FSS r e p w t  p o s t u l a t e s .  Act;i- 

a l l y  while  t h e  th ickness  t o f  t h e  ski?,  and hence t h e  bending s t i f f n e s s  

t , is  exceedingly small, it does not  vanish a l toge the r .  I t  may there-  

f o r e  be necessary,  i n  t h e  immediate v i c i n i t y  o f  t h e  s p l i c e ,  t o  t akc  i n t o  

cons idera t ion  t h e  f u l l  system o f  equations,  including t h e  e f f e c t  o f  t h e  

bending s t i f f n e s s .  

r a i s e d  t o  e i g h t ;  t h e  fou r  boundary cond i t iom then r e q c i r e  t h a t ,  i n  

a d d i t i o n  t o  Eqs. 13 and 14, t h e  s lope o f  t h e  def lec ted  sur face  vanish 

a t  t h e  s p l i c e  and t h a t  t h e  s p l i c e  be i n  equi l ibr ium aga ins t  r a d i a l  mdti9n.  

I h i s  condi t ion,  again f o r  t h e  s impl i f ied  problem inves t iga t ed  i n  t h e  

Appendix, i s  given i n  t h e  second and t h i r d  of  Eqs. 26. 

3 

0 The order  o f  t h e  system of  equat ions has  now beer1 

The ef fec t  o f  t h e  f i n i t e  bending s t i f f n e s s  is l i k e l y  t o  3t p‘ircly 

l o c a l .  In  o the r  words, by employing s tandard boundary l a y e r  tccii’.iqiit>s 

it is l i k e l y  t h a t  a rea l i s t ic  so lu t ion  t o  t h e  problem can be  given by a 
membrane a n a l y s i s  f o r  t h e  “ i n t e r i o r ”  domain o f  the  bal loon and a bwnciary 

l a y e r  t ype  a n a l y s i s  along t h e  s p l i c e s .  

taken i n t o  cons idera t ion  i n  t h e  FSC r e p o r t .  

aging processes  employed are  no t  e n t i r e l y  c i ~ a r .  

connect ions between t h e  f i n a l  graphs and t h e  intermediate  equat ions 

None of t h e s e  fac ts  have be tn  

Moreover, some of  t h e  ac’er- 

In  f a c t ,  some of t h e  
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. 
1 .  

apparent ly  involve an amount of algebra which, a t  l e a s t  a t  first glance,  

is n o t  a l toge the r  t ransparent .  In  any event, t h e  a n a l y s i s  performed by 
FSC, while impressive i n  t h e  l i g h t  of  t h e  time r e s t r i c t i o n s ,  appears of 

l i m i t e d  re levanceo 

In t h e  Appendix a sample computation is attempted f9r a v a s t l y  

simpler problem, 

c y l i n d r i c a l  s h e l l  of  polygonal c ross  sec t ion  s i m i l a r  t o  t h e  a c t u a l  

cross sec t ion  of the  bal loon a t  the  equator.  Such a computation can be 

c a r r i e d  out  e x p l i c i t l y ;  t h e  development of a boundary l a y e r  can a l s o  be 

shown i n  e x p l i c i t  form. 

i n  t h e  Appendix have any quan t i t a t ive  appl ica t ion  t o  t h e  problem of  the  

almost sphe r i ca l  s h e l l .  However, it is  f e l t  t h a t ,  a s  a demonstration o f  

a s impl i f ied  approach, some of t he  f ea tu res  of  t h e  expected computational 

method can be brought out  i n  t h i s  manner. 

In  effect, t h e  ac tua l  ba l l009  has  been replaced by a 

It is  not  t o  be infer red  t h a t  t h e  resul ts  given 
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APPENDIX 

The equat ions 

equations: 

N + 
=,x 

N + 
XY,X 

N w  = ,= 

of  equi l ibr ium 

N = o  
XY,Y 

N = o  
YY,Y 

+ 2 N  w 
XY 1XY 

o f  a t y p i c a l  gore are given by t h e  following 

I n  these  equat ions the  first two c o n s t i t u t e  t he  condi t ion of equilibrTum i n  

t h e  tangent  plane and the  t h i r d  the one perpendicular  t o  it. 
f o r c e s  a r e  Nij, and t h e  de f l ec t ion  perpendicular  t o  the  tangent  plane is  w.  
A comma, followed by a l e t t e r ,  c o n s t i t u t e s  p a r t i a l  d i f f e r e n t i a t i o n  with re- 

s p e c t  t o  t h e  corresponding coordinate.  

f i n a l  configurat ion,  although c e r t a i n  s tandard approximations inhe ren t  i n  s h e l l  

theory  have been made. 

are as fallows: 

The membrane 

Eqs. 1 t o  3 a r e  taken relative t o  the  

The equat ions r e l a t i n g  t h e  membrane fo rces  t o  the  membrane s t r a i n s  E i j  

= K ' ( E =  + v E ) 
Nxx YY 

__  E t  

1-v 
N YY = K 9 ( e  YY : Y C  xx ) ( K '  = T )  

N = K s ( l - V )  E 
XY XY 

F ina l ly ,  t h e  strain-displacement r e l a t i o n s  are given by 

6 = u  + -  I w2 xx ,x 2 ,x 

1 2  W 
E = - q  + -  w + E  

YY ,Y  2 J Y  

( u  4 - v  + w  w )  
- 2  ,Y  ,x ,x ,Y 

1 - -  E 
XY 

(7) 

i n  which u and v a re ,  respec t ive ly ,  t h e  displacements i n  the  x and y d i rec-  

t i o n s .  It  is noted, as already pointed o u t  i n  the  body of t h i s  r epor t ,  t h a t  

non-linear terms i n  the  l a t e r a l  de f l ec t ion  w a r e  r e t a ined .  
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The system of Eqs. 1 t o  9 involves nine unknown var iab les :  t he  t h r e e  

independent membrane fo rces  N * t h e  t h r e e  displacement components u, v, 

0 
i j '  

and w;  and t h e  t h r e e  independent membrane s t r a i n  components E. Eqs. 1 i j  
and 2 imply the  ex is tence  of a s t r e s s  funct ion.  
p a t i b i l i t y  r e l a t i o n  among the  s t r a i n s  after the  e l imina t ion  of u and v. 
When t h i s  i s  s u b s t i t u t e d  i n  Eqs. 3 t o  6, t he re  r e s u l t  two equat ions i n  the  

stress funct ion  and the  de f l ec t ion  w ( a s soc ia t ed  with the  name o f  Foeppl) 
which a r e  of the  s i x t h  order .  

Eqs .  7 t o  9 imply a com- 

The "boundary conditions'? a t  the  cen te r  of  t he  gore are given by the  

symmetry condi t ions  1 0 ,  ll., and 12 as follows: 

A t  t he  seam, the  following two condi t ions 

u ( ~ , y )  = w t ana  (14) 

imply t h a t ,  by symmetry, t h e  shear ing s t r e s s  vanishes and the  displacement 

i s  r a d i a l .  

of t h e  r e p o r t ;  1 r ep resen t s  h a l f  the  width of t he  gore.  

A t h i r d  c o n d i t h n  cx i  be sbtained as i s  discussed i n  t h e  body 

I n  what follows the  problem. i s  inves t iga t ed  for the  case i n  which Cis 
In t h a t  case a l l  re fe rences  t o  a cons t an t  ( i . e .  f o r  a c y l i n d r i c a l  vessel) 

t h e  y coordinate  may be dropped. It follows, t he re fo re ,  from E q .  1 t h a t  

N = cons tan t  

i n  which N is employed f o r  N . I n  eq.  3, s impl i f i ca t ion  leads t o  xx 

Nw" = -p 
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i n  which W is  employed f o r  t he  l a t e r a l  de f l ec t ion  assoc ia ted  wi th  t h e  mem- 
brane theory and a prime represents  d i f f e r e n t i a t i o n  with r e s p e c t  t o  tRe 

argument x o  I n  view of E q .  11 and 15, E q .  16 may be in t eg ra t ed  to y i e l d  

w = A - & x 2  

i n  which A i s  a cons tan t  of i n t eg ra t ion .  

With the  equiva len t  of Eqs.  $ and 7 t h e  membrane force  N is  expressed 

i n  t h e  form 

(18) 
l 
2 

N = E t  ( u '  + - w p 2 ) o  

I n  view of the  boundary condi t ion 

i s  obtained as follows: 

2 3  

N 
NX l E x .  - 6  2 u = E  

It i s  noted t h a t  the scsond term on 

o f  t he  non-linear exyression i n  E q .  

be i n  s e r i o u s  e r r c r ,  as can be seen 

Because of the  l a r g e  nunber o f  

proximated by 

12  and E q s ,  15 and 17, t he  displacement u 

R = R a  

where CY. r ep resen t s  h a l f  the c e n t r a l  

the r i g h t  s ide  o f  E q .  19 is  the res-dt  

18. If it were omicted, t-52 r e s i l t  would 

b e h d .  

gores,  t he  width of t h e  gore may be ap- 

angle of  t he  gore.  When Eqs. 17 and 19 
a r e  s t lbs t i tu ted  i n  t he  boundary condi t ion 14, t h i s  leads  t o  the  following 

r e l a t i o n s h i p  (with t ana  replaced by a )  : 
NR 1pRa 2 3 3  

A = L R 2 a 2  + - - - 

Fina l ly ,  t o  h v e  equi l ibr ium i n  the r a d i a l  dirE.etion, it is  necessary (wi th in  

the  confines  of membrane theory) t h a t  t he  s h e l l  be smooth a t  the  j o i n t s ;  t h i s  

impl ies  t h a t  

W 9 ( R )  = -a 22) 

When t h i s  i s  s u b s t i t u t e d  i n  E q .  17, the expected resul t  

N = pR 
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i s  obtained. A11 constants h a ~ c  ~ G W  been de-cernined as func t ions  of  t h e  

i n t e r n a l  pressure  p 
gcre and at the seam are given, respec t ive ly ,  by 

I? p a r t i c u l a r ,  t \ h e  d e f l e c t i o n s  a t  the  cen te r  o f  the 
0 

2 m2 E w(0) f-' - -:- st- 

W ( R )  = - -g- 

3 

Ra 2 * I-'RI 
3 f: 

i n s t ead  of Eq.  16. %e bcmdary  zondi t icas  read as follows: 

w'" ( 0 )  = 0 

w ' ( 2 )  = 0 

i n  which W i s  the r e s u l t  ~f c k  prc';i:us zpprmimate eomputati in.  

lows tken  t h a t  v is gcverced by 

IT f c l -  



i n  which the  prime now represents  a der iva t ive  with r e spec t  t o  2. 

An approximate so lu t ion  t o  Eq. 29, s u b j e c t  t o  the  prev ious ly  s t a t e d  

boundary condi t ions  and t h e  superposi t ion 28, is  given by 

c 
i n  which t h e  parameter p is given by 

N 
E t  

( €  = - )  12€ 
2 - 12N p2 = - - -  - 

E t 3  t 

Eq. 30 is only approximate i n  the sense t h a t  it does n o t  s a t i s f y  the  con- 
d i t i o n s  a t  t h e  cen te r  of the  gore exac t ly .  

passes  a l l  bounds f o r  vanishing thickness  to  

s e n t s  an asymptotic so lu t ion  t o  the system considered here .  

f o r  increasing i n t e r n a l  pressure the  l e c a l  i r r e g u l a r i t i e s  deerease ba th  in 

magnitude and ex ten t .  

I n  the  presence of p l a s t i c  y ie ld ing  it is expected t h a t  the sur face  becomes 

even smoother than  ind ica ted  here ,  

However,-the expression Rag 
I n  o the r  words, E q ,  30 repre-  

It is  seen t h a t  

The ana lys i s  given a b w e  is based on e l a s t i c  behavior ,  

The ana lys i s  given abcve demonstrates e x p l i c i t l y  t h e  development of a 
boundary l aye r .  

case of t he  a c t u a l  s h e l l ,  

formed on the  s impl i f i ed  so lu t ion .  

pendent of the width of the  gore as well as of  t h e  e x t e r n a l  boundaries ( i f  

any) .  
t i o n ,  stated i n  the main body cf the  r epor t ,  t h a t  t he  t e s t i n g  program engaged 

i n  by Conductron Corporation has d i r e c t  relevance t o  the  behavior of t he  

complete balloon 

It is expected t h a t  similar behavior w i l l  p r e v a i l  i n  t he  

I n  e f f e c t ,  a s ingu la r  per turba t ion  has been per- 

This h e a l  behavior i s  e n t i r e l y  inde- 

This seems t o  c o n s t i t u t e  an a n a l y t i c a l  demmstra t ion  o f  t he  proposi-  
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